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FURTHER EXPERIMENTS IN THE DESTRUCTION 
OF FLY LARVA IN HORSE MANURE. 


By F. C. Coox, Physiological Chemist, Bureau of Chemistry, R. H. Hurcuison, 
Scientific Assistant, Bureau of Entomology, and I. M. Scaes, Assistant Mycolo- 
gist, Bureau of Plant Industry. 


INTRODUCTION. 


The results reported in this bulletin are a continuation of the inves- 
tigation dealt with in Bulletin No. 118, United States Department of 
Agriculture, inaugurated for the purpose of finding a substance that 
would destroy the larve of the house fly in their principal breeding 
place, namely, horse manure, without injuring the bacteria or reducing 
in any way the fertilizing value of the manure (Cook, Hutchison, and 
Seales, 1914). The work was conducted in cooperation by the 
Bureaus of Entomology, Chemistry, and Plant Industry at Arlington, 
Va., and New Orleans, La. The bacteriological work at New Orleans 
was done by Dr. William Seemann, dean of the Tulane School of 
Tropical Medicine, and thanks are due him for his cooperation. The 
entomological work at New Orleans was done by Mr. EK. R. Barber, 
scientific assistant, Bureau of Entomology. 

In Bulletin No. 118 it was suggested that manure be treated with 
borax immediately on removal from the barn in order to destroy the 
eggs and maggots of the house fly, and that borax be applied at the 
rate of 0.62 pound per 8-bushels, or 10 cubicfeet, of manure. Aslarge 
quantities of manure are used by truck growers, it was thought advis- 
able to include in that bulletin a warning as to the possible injurious 
action of large applications of borax-treated manure on plants. For 
the same reason it seemed desirable to find some volatile or other 
organic substance which would be effective as a larvicide, but without 
possible toxic action on vegetation. Largely with this object in view, 
the investigation was continued during 1914. The larvicidal value of 
some inorganic substances was also tested. 

Borax may be used with advantage for the treatment of outhouses, 
public dumps, and refuse piles of all kinds, cracks and crevices, floors 
of stables, and any accumulation of organic material which offers a 
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favorable place for the deposition of eggs. A treatment two or three 
times a week ought to suffice for all these cases except where large 
quantities of organic material are added, when the borax application 
should be made immediately, using the same quantity as in the treat- 
ment of horse manure. The best results are always obtained when 
the borax is applied in solution daily, as it is effective against the 
eggs and the maggots during their feeding period. (Table V, series 52, 
Gand H.) Borax probably has no effect on the pupe or adult flies. 


GENERAL PLAN OF EXPERIMENTAL WORK. 
CAGE EXPERIMENTS. 


The plan of the work was the same as that outlined in Bulletin-No. 
118, and in addition a few experiments were carried out in concrete 
pits. New cages were constructed for the experiments at Arlington. 
In order to prevent the escape of larve by migration, the galvanized- 
iron pans in the cages in which the manure was placed were made 
2 feet deep, and the small openings in the bottom of the pans through 
which the water drained off were covered with fine wire gauze. The 
legs were made 8 inches high to facilitate the removal of any larvee 
which might get into the drip pans. 

The manure was sprinkled in three layers by putting 2 bushels of 
manure in the cage and applying 24 gallons of the solution. This 
was repeated in the second layer of 2 bushels. Finally the remaining 
4 bushels were added and the last 5 gallons of the solution applied. 
When a chemical was applied in dry condition it was scattered over 
the surface of the manure, which was also treated in three layers, and. 
10 gallons of water were afterwards added. The manure in the con- 
trol cages was sprinkled with water equal to the volume of the solu- 
tions read: The flies which were caught in the traps attached to the 
top of the cages were chloroformed and counted, and at the end of 
each experiment a comparison of the total ee was made, and 
from these counts an index of the effectiveness of the ieee was 
obtained. Only fresh manure was used in the experiments, and every 
effort was made to provide for an even distribution of fly eggs and 
larve. That it was impossible to secure an equal anges: in all 
cages is evident from a comparison of the fly counts from the con- 
trol cages. 

OPEN-PILE EXPERIMENTS. 

A few open-pile experiments were carried out at Arlington on the 
same plan as during the previous year. The most important open- 
pile experiments were conducted at New Orleans during November 
and December, 1914. In most of the New Orleans open-pile experi- 
ments 4 bushels of manure were sprinkled with 5 gallons of solution 
daily, and this was repeated four times, making a total pile of 16 
bushels treated with 20 gallons of solution. The total number of 
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pupe in each pile was counted about eight days after the last treat- 
ment. -A sample of 200 pupe from each pile was kept in the labora- 
tory, and the percentage of emergence determined. From these data 
the apparent larvicidal effect was calculated. For some of the New 
Orleans experiments, cages (PI. I, fig.1,p. 16) were constructed to cover 
the piles, and instead of counting the number of pupz the flies were 
allowed to emerge and were caught in traps attached to the tops of 
the cages. Temperatures and samples for analysis were taken 
through the armholes in the sides of the cages. Soil was banked 
against the base of the cages to prevent the escape of maggots and flies. 

Chemical and bacteriological analyses were made of samples of 
manure from most of the cage and open-pile experiments. 


SAMPLING FOR QGHEMICAL AND BACTERIOLOGICAL ANALYSES. 


It is very evident that a manure pile with the unequal distribution 
and great variation of its physical and chemical constituents will 
necessarily be exceedingly difficult to sample, especially to secure 
from it a few hundred grams which will be thoroughly representative. 
An attempt was made to secure representative samples by taking 
equal portions of manure from three different parts of the pile, 
spreading them on a clean sheet of paper, and finely dividing and 
thoroughly mixing them. When the material appeared quite uni- 
form the sample was quartered. One quarter was then cut into 
half-centimeter lengths with clean shears. The straw or shavings 
were cut with the other material. When this operation was com- 
pleted the sample was again thoroughly mixed. For chemical 
analysis the material was twice passed through a grinder. Both 
bacteriological and chemical examinations were made on the same 
sample. As the bacterial content of manure is very high, no attempt 
was made to work under absolutely sterile conditions, because the 
contamination arising from ordinary handling of the material was 
of no importance when compared with the great number of organisms 
present. However, precautions were taken to prevent excessive 
contamination by using clean paper, shears, etc., for each sample. 


BACTERIOLOGICAL EXAMINATION. 


Two 10-gram samples of the manure, prepared as just described, 
were taken for each bacteriological determination. One of the 
10-gram samples was dried at 100° C. for one hour to determine the 
percentage of solids. The other sample was brushed into a 2-liter 
flask containing 1 liter of sterile water. The flask was then vigorously 
shaken for five minutes and again, after a five minute interval, for 
three minutes. A 1-c.c. sample was then withdrawn and run into 
100 c. c. of sterile water. Five dilutions were prepared, ranging from 
1 part in 10,000 to 1 part in 100,000,000. A duplicate series of Petri 
dishes was then prepared from these dilutions and standard beef agar. 
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After five days’ incubation at 28 to 30° C. the plates were counted. 
The average counts of the duplicate plates were taken and converted 
into equivalents for 1 gram of dry manure by the use of the figures 
obtained from the duplicate 10-gram samples that had been dried at 
100° C. The results obtained by plating on the standard beef agar 
are comparative and serve to show the germicidal action of the 
chemicals on the majority of the bacteria present in the manure. 
Dr. Seemann, in the work at New Orleans, used a medium prepared 
from manure water, but the counts were practically the same as 
those on beef agar. 
CHEMICAL EXAMINATION. 


The manure samples were analyzed for solids, ash, ammonia, and 
nitrogen, using the methods of the Association of Agricultural 
Chemists (Wiley, 1908). The total nitrogen determinations were 
made by the Nitrogen Laboratory of the Bureau of Chemistry. The 
results obtained by the magnesium-oxid distillation method for 
ammonia, which are not reported in the table, although much higher, 
showed the same general tendencies as the figures obtained on the 
water extracts. 

Water extracts were prepared from each sample by taking 25 grams 
of the finely divided manure and adding 500 ec. ec. of distilled water, 
allowing them to stand for one hour, with occasional shaking. The 
solutions were filtered, and the following determinations were made: 
Water-soluble nitrogen, ammonia, nitrites, nitrates, and reaction. 

Ammonia was extracted by the Folin and Macallum (1912) aera- 
tion method and nesslerized. Nitrites were determined with the 
sulphanilic acid reagent, and nitrates by the reduction method 
with aluminum foil (American Public Health Association, Labora- 
tory Section, 1912). Nitrites and nitrates were not usually found 
in the samples examined, because the manure had not stood suffi- 
ciently long. The reaction was determined by taking 20 ¢. c. of the 
water extract, diluting with 200 c. c. of carbon-dioxid free water, and 
titrating with twentieth normal acid, using alizarin red as indicator. 


GENERAL ACCOUNT OF SUBSTANCES USED. 


Representatives of two groups of substances were tested during 
the season’s work, namely, (1) inorganie and (2) organic, including 
volatile and nonvolatile substances and some plant material. These 
substances are arranged in alphabetical order in the respective 
groups. 

INORGANIC SUBSTANCES. 

Of the inorganic substances, arsenical dip, chlorid of lime, Epsom 
salts, lime-sulphur, and sulphuric acid in three concentrations were 
used. 


Pattie ic 
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ARSENICAL DIP. 


Arsenical dip, which is extensively used in the West and South- 
west to kill ticks on cattle and sheep, was prepared according to the 
directions given in U. 8. Department of Agriculture Farmers’ Bul- 
letin No. 603 (Chapin, 1914). This solution was used in three cage 
experiments, namely, full strength, and diluted 1 to 1 and 1 to 3 
(Table I, Series 67, A, B, and C). 


TasLe I.—Destruction of fly larve in horse manure. Results with arsenrcal dip, para- 
dichlorobenzene, and pyridine; cage experiments at Arlington, Va., 1914. 


Wat tract. 
Ne ater extract 
of bac- 
teria per ao 
Treatment of 8 bushels mites sober J gram | Manure, ie ND 
Series. of manure, using 10 emereeds i aicidall | aamure, total | HCI per | Water- Nas 
gallons of liquid. ee Laat caleu- | nitrogen:| 15966: | solaple | NE& 
jeted to (5 grams | nitrogen. Folin 
Ty ai method 
weight manure) 
Per cent Per cent | Per cent 
of control of total | of total 
Number. | average. | Millions. | Per cent. C.c. nitrogen. | nitrogen 
A | Arsenical dip (strong) . 67 87 1, 648 0. 421 10. 50 33. 63 3.5 
67, B | Arsenical dip (1-1).... 57 89 1, 944 S33 5.75 29. 97 4.4 
C | Arsenical dip (1-3).... 131 74 2, 459 547 6.50 33. 82 Bad 
A | Control (water only). . S2G Uae 1, 636 . 625 6. 40 Pair eyeu| aaa ital 
TOBY Neco s Cho) arc ers sus ES BO eas ocoesae 1, 043 - 463 8.75 41, 25 7.1 
Claas GLOW ENG AE PAIS Ne ose ae 843 337 8. 40 26. 70 4,7 
Control average....... AAT scar ie ne es teres tap tA Na ats oe UG AEN aaah |e le el oe Hal Ue 
78 A | Pyridine, 1-100........ 37 63 634 540 8. 90 31.11 3.0 
“\B | Pyridine, 1-500........ 135 0 798 .540 8. 65 31.11 ay a 
A | Control (water only)... OS UN eem a ale 1, 035 611 9. 90 26. 68 1.9 
SI eee LOE NINE He ie PARA NI al Nee 1, 282 . 639 11.15 36. 93 2.4 
Oil seaees LO a ee ORE SOF Neer reas Me na Ne ee CRA yh | cee chat Weng aN ae DO RA 
Control average....... TR er eee ees ic od hae a | (Area a Mie a uaa 
104 {iB Pyridine, 1-100.-...... 3 99-+- 209 - 470 4,75 28. 72 7.02 
AS | eye ClO Sates Mea MINE 2 99+ 128 . 449 4,50 33. 85 2.45 
106 A | Control (water only)... A489) | Reet) hie 19.6 572 4,25 25.00 2.10 
1B leat CG Loy ary tiara ea dees HOBO Beesbouoes 27.1 561 4.65 26. 02 1.41 
Control average. ...... Oe a space tes andl Orca es aaa i cea eco torts UN He ea peda iW 
A | Para-dichlorobenzene, 
79 % pound to 10 gal- 
lons water.......... 10 93 905 . 793 13.15 36. 07 4.8 
IB} |e ere C6 LO aes a as ar ey a 70 50 502 505 11.65 35. 44 4.6 
(For control see81, A, - 
B, and C, above.) 
A | Para-dichlorobenzene, 
98 1 pound to 10 gal- 
lons water........... 11 OFT ara Raye tee a ay Seal] ihre) [a Sy RS CC LT ec LUE eR I 
Bese eh LO aaa Meee pa 68 CJ Gl es Ua ae ee |, Age ne Ne PR A Pn cs NA 
A | Control (water only). . USS 7p ees te ea 283 . 898 11. 40 25.61 2.34 
E18 Ieeoee Coys 2 eae ed GST eisencn ee 165 . 653 10. 75 24.19 4.13 
CRs Gos asa ee a ee CEN as Aaa alls 157 . 533 8.15 27.39 2.44 
Control average....... BAUCUS ee CUO eC ba ONS BBE GTN UG ON 


The two stronger concentrations killed about 88 per cent of the 
maggots and the 1-3 solution about 75 per cent. 


The weaker 


strengths apparently exerted a slight stimulating action on the 
bacteria, and the full-strength dip showed no bactericidal action in 
this one test. The chemical data showed no marked differences except 
for the increased alkalinity where the dip was applied in full strength, 
and this, no doubt, was due to the sodium carbonate in the dip. 
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Chlorid of lime has been used extensively as a disinfectant and has 
been tested by Dr. Howard, who found that 1 pound applied to 8 
quarts of manure killed practically all the larve, but one-fourth of a 
pound to 8 quarts was not sufficient (Howard, 1911). In our experi- 
ments with smaller amounts, namely three-fourths of a pound, 14 
pounds, and 3 pounds to 8 bushels and. the addition of 10 gallons of 
water, negative results were obtamed. The well-known action of 
chlorid of lime in driving off the ammonia from manure, the probable 
toxic effect on bacteria, and the irritating action of the liberated 
chlorin, as well as the high cost of the substance in quantities suffi- 
cient to kill fly larve, precludes its use for this purpose. 


EPSOM SALTS. 


Epsom salts was applied in-three cage experiments, using respect- 
ively 1, 2, and 4 pounds to 10 gallons of water. In no case was any 
larvicidal effect noticed. No chemical or bacteriological examina- 
tions were made. : 

LIME-SULPHUR. 


Lime-sulphur was used again this year in dilutions of 1 to 10, 1 to 20, 
and 1to 30. No larvicidal effect was seen, and since it failed to kill 
the maggots, no chemical or bacteriological analyses were made. 


SULPHURIC ACID. 


Sulphuric acid was used in 1, 2, and 3 per cent solutions. Two 
cage experiments with each concentration were carried out. Prac- 
tically no larvicidal effects were shown in any of the experiments. 
Sufficient alkaline substances and organic material were present in the 
manure to combine with the acid in the 1 per cent and 2 per cent 
solutions, consequently no injurious action on the bacteria resulted. 
No counts were made where the 3 per cent solutions were applied. 
When the 3 per cent applications were made the alkaline reaction 
of the manure was markedly reduced and the percentage of ammonia, 
in terms of the total nitrogen, was increased from three to four times 
that of the control. The 1 per cent and 2 per cent solutions had no 
apparent action on the manure as determined by the chemical 


results. 
ORGANIC SUBSTANCES. 


As the application to the soil of manure containing inorganic 
substances is likely to produce harmful effects on plants, due to 
a slight excess of the toxic element in the soil, it seemed desirable 
to investigate the larvicidal action of various organic substances, 
both volatile and nonvolatile. The volatile substances would produce 
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a true partial sterilization, as has been shown by several investigators 
(cf. Russel and Buddin, 19138, and the recent article by the latter, 
Buddin, 1914), while the nonvolatile substances would be finally 
decomposed in the soil, and, therefore, have no permanent injurious 
effect. Organic substances, when added to the soil, may be attacked 
by various members of the soil flora, as bacteria and filamentous fungi, _ 
which either destroy the substances entirely or form compounds 
that may be utilized by other organisms which are of value in main- 
taining the fertility of the soil or may be utilized directly by the 
plants themselves. 
ANILINE. 


Aniline (C,H;NH,), which is extensively used in the preparation of 
dyes, contains 15 per cent of nitrogen and costs about 60 cents per 
quart. This substance was tested in cage experiments at Arlington, 
Va., using dilutions of 1 to 50, 1 to 100, and 1 to 200. 


TaBLe IT.—Destruction of fly larve in horse manure. Results with aniline and nitro- 
benzene; cage experiments, Arlington, Va., 1914. 


Water extract. 


Number 
a bac- 
. | teria per re 
Treatment of 8 bushels Blies pala 1gram | Manure, yee 
Series. | of manure, using 10 | smerged.| vicidal | ™™2nure,| total | Hei per | Water- N as 
gallons of liquid. Bee effect calcu- | nitrogen. 100 a Mic |eeotaiia NHs, 
ae to (5 grams | nitrogen. Folin 
ry of method 
weight manure). 
Per cent Percent | Per cent 
of control of total | of total 
Number. | average. | Millions. | Per cent. ES¢: nitrogen. | nitrogen. 
A | Aniline, 1-50.......... 4 98 264 0. 526 8. 25 41, 63 7. 98 
942B | Aniline, 1-100......... 11 97 392 632 8. 65 33. 70 4, 60 
C | Aniline, 1-200......... 25 fol eta (ese eae Sea IS cea onse ara Papers eanar na esa nee Ue ge pyre a sZt 
A | Control (water only) Nard (ie a 283 898 11. 40 25. 61 2. 34 
oofB ee Oe aOR eM aS OS(s paoaasenas 165 653 10. 75 24.19 4,13 
Calrsse: COR err tn Ula | ata es 157 533 8.15 27. 39 2. 44 
Control average....... LUCE iscesekencseye nel MSs reget aie Lesher mir tea 2 ba at eeaeol [oD ce atta Ia TO A 
100 A | Aniline, 1-200......... 17 OO ae Me Ee mate . 618 4.15 25. 08 1. 40 
{B ye COR ee 28 Ce is Ree ae 674 6. 40 29. 08 1. 63 
106 {3 Control! (water only). ASA RO) ee cenettenngecn 19. 6 572 4, 25 25. 00 2. 10 
Teh Wesoae Co pasa nS ert ere La A936) eeu zeta se 27.1 561 4,65 26. 02 1.41 
Control average.....:. yn AVA S as SB SICA Aaa BOOCOSH OEE CMEC SSMSEl nem se cis seers ens 
A | Nitrobenzene emu \. 
sion(3} pounds nitro- 
benzene and 4 pound 
95 fish-oil soap to 10 gal- 
lons water).-...-.:.. 0 100 551 - 547 9.75 34. 92 9.14 
Bailes Cleans aes ac 1 99+- 667 - 526 8. 10 40. 50 7.41 
C | Same as foregoing, di- 
aluttedsl—3a-nsssae 115 LEI y eH Leer ce Ce Canes acd chal Lear gee al bane Be PSY A Va Nite 
A | Control(water only)... ND nlp eee 283 - 898 11. 40 25. 61 2. 34 
995B |..--- GOs Re ers Sa Seok ie OSU Sesto 165 . 653 10. 75 24.19 4,13 
Crpleneee (0 Ke eye SEI UA eaeseeete 157 - 033 8.15 27.39 2. 44 
Controlaverage....... SO Ta ee pester ae a pat acl EU EIR A ted ares as eniny) cy a pasa 
A | Nitrobenzene (1.67 
pounds nitrobenzene 
and 4 pound fish-oil 
101 soap to 10 gallons 
water) undiluted.... 4 OO Fill Me cpretereinee 065 6. 40 34. 69 8. 32 
Baleases 60 (aye see evn a at a 0 100 323 2 449 5. 40 34. 96 9.13 
C | Same as foregoing, di- 
ted sl lis os ee ers 5 Cee ea ecotal SSAC HOSoe > EHS THe Baarceneens| Sneneermec 
106 {5 Control (water only). . AF AS OW reverses 19.6 572 4, 25 25. 00 2.10 
AAO Ls A er eee OS Gy lisp myeie cays 27.1 561 4.65 25. 02 get 


Coal erare: E 3,212 | 
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The results given in Table IT show a 97 and 98 per cent larvicidal 
action with the two stronger solutions, and in the case of the 1 to 200 
dilution two cages showed a 99 per cent and one an 80 per cent 
larvicidal action. The 1 to 50 and 1 to 100 strengths showed an 
increased number of bacteria. The amount of water-soluble nitrogen 
and ammonia is noticeably increased in the manure treated with the 
strongest solution of aniline, with no apparent action on the bacteria. 
The increases of the water-soluble nitrogen and ammonia are proba- 
bly due to nitrogen in the aniline added. Aniline, among other sub- 
stances, was tried in some cage experiments at New Orleans, the 
results of which are given in Table III. 


TaBLeE III.—Destruction of fly larve in horse manure. Results with aniline, hellebore, 
and nitrobenzene; cage experiments at New Orleans, La., 1914. 


| 
‘ 


Series. | Treatment of 8 bushels of manure, using 10 gallons of liquid. oe d ee 
merged. ns. 


Number. Number. 
A | Aniline, 1-200... .- A oi Ee se SEER SACO RUS ORE ae Gp SGeTE 3, 738 2,380 
1 Bal pAmiline 41-400... soe e So sae ae oe te a Se eee ee ee eee 6, 030 12, 853 
Cae GOS A eae erage gees See Rees NUE Cri St Seda re Sui oe aaa 5,070 9, 856 
A Hen erore, sTound, pound to 10'gallonsiwater..-----2-=-----=-------= 1,122 4, 034 
10g)B |-----dO--..---------- +--+ - 2-22 = eno tee ee eee ” 820 4, 567 
C iiellenore, ground, + pound to 10 gallons water... ......---.--.-------- 1, 130 1, 285 
IDs Ee O eae Sek Bea See nnn eee We a eee eee eee ” 974 1,930 
fA Noes. 1 pound, and 4 pound fish-oil soap to 10 gallons water. 3,390 | 2, 989 
100)8 ac DS BS SR Ge SN eee hn Uy ear rr 1, 692 3) 647 
C | Nitrobenzene, 4 pound, ana + pound fish-oilsoap to 10 gallons water... 1,319 2, 042 
11053 Control (wateronly) ao. oe as od oat eae SN aos See eee eas 1,085 560 
3a | Sake (N Ga aaa Sees nae pee a ee ne eee ete ea nee 5, 888 4,835 
(AS Aci ihn 62st 200) Seeger ee oe Sore ere eee ae Sa Ae ee nee ree 5, 076 4, 462 
1114,B Aniline, A OO Bee Sane CO ee we Seine eee eee ere eee eee 12, 667 8, 296 
(Oh Se Bee GORE. - See er abl hh eee ae oe + se nba Ue Sane eee ee cee Oe 12,309 19,675 
A Beare, eround, = pound-to 10 callonsiwater... Sssesa=-- nee ee 11, 803 10, 794 
119) B |-----d0....--------------- 2-2-2 een 17,197 8,179 
Cc iieilebore, ground, + pound to 10 gallons water... ..........-.......--- 20, 067 9,315 
TOYS 28 S20 (NS ee es ee On SN eR ee anne 3c SG aH ees Sootae 17, 838 268 
: N itobenzene, 1 pound, and 4 pound fish-oil soap to 10 gallons water. 2,395 10, 132 
TITS TB 35a [ees LO eee es aarti eh <a en DRS RS Se eae ot Saar ae ence 12 211 
N concn 34 pound, and + pound fish-oilsoap to 10 gallons water..-- 9,678 11, 165 
114 fA Control (water SOMLY, pene se ens Le ee ee re ae 19,366 | 11,419 
UBalo ce CORE Seo ctetin narra oe eae een Saisie Sasi sateen Seca te se 18, 838 | 10, 726 


The cages were the ones used the previous year and, as the figures 
show, large numbers of larve escaped. Apparently these results 
show a low larvicidal effect of aniline, but since the condition of the 
cages was unsatisfactory they should not be compared with the 
others, especially as they are the only ones, either in cages or open 
piles, where poor results with aniline were obtained. 

Open-pile experiments at New Orleans, using a 1 to 200 dilution of 
aniline, killed 85 and 99 per cent of the fly maggots (Table IV, series 
46, A and B); 1 to 400 dilutions in two piles gave 79 and 83 per cent 
larvicidal effect (Table V, series 41, C and D); and two piles treated 
with aniline, 1 to 500, ave an 84 per cent destruction of larve 
(Table V, series 49, A Baal B). 
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TaBLe V.—Destruction of fly larve in horse manure. Results with aniline, hellebore, 
nitrobenzene, and pyridine; open-pile experiments, New Orleans, La., 1914. 


aie! Emergence} 4» arent 
Serics Treatment: 5 gallons liquid added to 4 bushels of manure; Pupe from sam- Taeeaciaan 
: 4 applications. found. ple of 200 fect a 
pupe. effect. 
Per cent 
Number. Per cent of control. 
A Pycidine; 15008 oa eae Be ia oe te ieee Ay 750) | esac tee 98. 
Taille’ 2 AO Or verse es cee eye tate ain he can Spe tte ec cer aera a b,9483)| Gee je 99+ 
41<C eatin 1400 ee Ss ets eae EE Oh ees Soe ee 70)}642 1 Sea soe aes 79.4 
DS anes Oars oe SOR Sen Sie Bene be sue ae aes a ate HO. O50) | hee 83.5 
E> |e Control: ce sacs os eons es Sa ns see Ere ee B42, 711 noes deee sel Soeted s aeeee 
A | Nitrobenzene, 1 pound and 4 pound fish-oil soap to 10 gal- 
MONSSWaALEL2 Set ees ee ee eee Se Sic an Me ener n em e/a me EE LOD a ee oer 75.0 
Ba |peene GORE See eee ee eae ee oe mise ee 925 7/ilg| eee 76.0 
42)C | Nitrobenzene, 4 pound and + pound fish-oil soap to 10 gal- 

LONSS WATER sees ee eee ae ee eee eee aie (AS63GEle Sees 80. 6 
Dales OM Seas eiee ae ees ote Reais ae See iad QO: OBA Tiree 76.0 
Mie CONCTO lee on ns ie ors emer Oreee ine ene eee ee aie eeine S385 A08 Soo 2 eet te ee | eee tees eae 
A ee ground, 4 pound to 10:eallons water =. <.2.--2--!| > 564))_ 52.2 2 ee 99+ 
Ba Se OF sec e see ee Se es ae eee Nee a ane Se ae as Seen Litt | ease 99+ 

434 C iiellebore, ground, 4+ pound to 10 gallons water...--.---... 135265 el eae eee 95 
1 DY ay ats (ieee age Soe WEL ante ase Aimee Nucchines Sostgt Casi toil 75261" eee 93.7 
E Contre BE OEE EAS OOS SGOT OO Ee SEE 213; 0209 Sete ea ee eee 
A ene, (S500 Es aoe Quaee oe Baase ne cas eee Seen Bee eae] 1,707 67.0 84.2 
BA eee On mai! cations Oe oc mama ee Ee Rc Bathe Se ee REA | 1, 603 74.0 83.6 
49,C iietebor, powdered, 4 pound to 10 gallons water....-...-- 502 52.0 96. 4 
Dee SOR RMR ASH CESS. os ee er eas te eis eee ince ee nele | 162 ; 43.0 99.0 
E Gontrol Gwateronlliy,) Sas ot se hres Aen ine anya We 202 Tis kc ae | ea 
A | Hellebore, powdered, 4 pound to 10 gallons water.......-..- 398 49 97.8 
IB | eee 6 Kesey Res eres Sana eres taet re ieuaie reas i is oat Gaara A Baas 293 49 98. 4 
FDO ie ae GO Seer ee seen e Sse eee ei cece SERENE 449 40.5 98.0 
DiS Ose Se. Se See eee eee eee Me Ree 334 40.5 98.5 
BiaControli@vaterionly,) aawaa- sass eae ease ere ees 8, 866 OR eee | Nero 
A | Hellebore, powdered, 4 2 pound to 10 gallons water Dae heey 7 23.8 99+ 
Bae COR Sa e S eae a ge en ea, en ees ie sn eee 14 23.8 99+ 
515C | Hellebore, powdered, + pound to 10 gallons water.......... 12, 294 TA) 80.0 
Dee She G24 eee Ee ome eee Se Ree ee ee 24, 233 71.0 60. 0 
BaControliGwateronly.)t22eeseen tent te ee eee shee ames | 43, 733 COTS er) ena ASE 

A | Nitrobenzene, } pound and 1 pound fish-oil soap to 10 gal- | 

LODSSWATCT are aerate eo ISk eee eae Re ee 3, 036 63 93.4 
BS aleeeee CLO Be aie ae I cheat re (eens es cya oe Rie rage 3,415 63 92.8 

C ee powdered, 3 pound to 10 gallons water_....... | 24,346 95. 8 0 

5g BP eas ae0 Oana ke cS sada soass5n20 obec ed bac qunenaussnansoesess | 31,379 95.5 0 
“|E Teligbore, powdered, 2 pound to 10 gallons water.......-.- | 7, 694 95 75.5 
BET 3) Oe Ress Cd ae Sys eee Ss oy eh cea Race i Pe ek ea epg | Dt20 95 81.8 
G pores powdered, 1 pound to 10 gallons Waler= S52 Sheeans | 1,390 8.5 99+ 
ET Peel err Ae oncom eee Seek as SAE a eee | 953 8.5 99+ 
L Control Qwaleronliy) Secs erie toss facto eae ee eee | 29, 831 98. ballans Se aeeereaees 


As only one duplicate set of open piles treated with aniline 1 to 
200 was examined, the data are not sufficient on which to base any 
conclusion as to its effect on the bacteriological and chemical compo- 
sition of the manure. Aniline in all open-pile experiments showed 
a high larvicidal efficiency even in the dilution of 1 to 500, but it 
should be handled with care because of its possible toxic effects. 


BETA NAPHTHOL. 


Beta naphthol was tried in three cage experiments, using solutions 
containing 0.1 pound, 0.33 pound, and 1 pound, respectively. Where 
the 1-pound application was made only 11 per cent of the maggots 
were killed, and in the other two cases the results were negative. No 
bacteriological or chemical examinations were made of the treated 
manure. 
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CRESYLIC AC#D. 


Cresylic acid, which is prepared from coal tar, was tried in dilu- 
tions of 1 to 20, 1 to 40, and 1 to 80 in cage experiments, but it was 
without action on the maggots. Bacteriological and chemical anal- 
yses were made of the manure treated with the 1 to 20 strength, and 
the bacteria were reduced 90 per cent. The alkalinity of the manure 
was reduced, and a slight increase in ammonia over that of the con- 


trols was found. 
PARA-DICHLOROBENZENE. 


Para-dichlorobenzene was employed in two sets of cage experi- 


ments, using one-half pound and 1 pound to 8 bushels of manure. 


The substance was ground and scattered over the manure, and water 
added. As shown (Table I, series 79, A and B, and 98, A and B), the 
apparent larvicidal effect varied greatly, the one-half pound strength 
indicating a 50 and 93 per cent action and the 1 pound indicating 78 
and 97 per cent effectiveness. The bacterial counts and chemical 
analyses where the one-half pound applications were made showed 
only slight effects from this treatment. No analyses of the manure 
in the cages treated with the 1-pound applications were made. Para- 
dichlorobenzene was tried in one pit experiment. The pits were of 
concrete with inside measurements of 9 by 6 by 2 feet.’ Thirty-two 
bushels of manure were placed in the pits, and the manure in one pit 
was treated at the rate of 0.5 pound to 8 bushels. The other pit was 
untreated. From the former 403 flies emerged, and from the latter, 
484. The larvicidal action was, therefore, apparently about 16 per 
cent. Duckett (1915) has found this substance to be an effective 
fumigant- against various household insects and those affecting 


stored products. 
| FORMALDEHYDE. 


Further experiments with formaldehyde were performed, using 1 
to 6, 1 to 8, and 1 to 10 dilutions of the commercial 40 per cent for- 
malin in water. The 1 to 8 and 1 to 10 strengths showed no larvi- 
cidal effects, and the action of the 1 to 6 solution on the maggots was 
slight (17 per cent). The bacteriological and chemical results showed 
the same general tendencies as those found last year, an increased 
number of bacteria and a reduction of the alkalinity being observed. 
As the cost of formaldehyde is high, and as strong solutions are re- 
quired to kill the maggots, the use of this substance is not practical 
for this purpose. | 3 

NITROBENZENE. 


Nitrobenzene (C,H;NO,), commercially known as oil of mirbane, 
costs 20 cents per pound and contains 11.4 per cent of nitrogen. The 
vapors of this liquid are poisonous. Two sets of cage experiments at 
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Arlington were carried out with emulsions of this substance and fish- 
oil soap. The strength of these emulsions and the results obtained 
are given in Table II, series 95 and 101. The larvicidal results, with 
the exception of series 95, C, were good. The emulsions apparently 
produced a considerable increase in numbers of the bacteria. An 
increase of water-soluble nitrogen and ammonia was obtained in all 
the treated samples. Some further experiments at New Orleans, 
using the cages which were employed in 1913, gave poor results, as 
many larvee escaped (Table III, series 109 and 113). The results of 
six open-pile experiments are recorded in Table V(series 42, A, B, C, 
and D, and 52, A and B), and the data for two additional open-pile 
experiments are given in Table IV (series 47, A and B). Bacterio- 
logical and chemical results are given in connection with the last two 
experiments. The duplicate samples indicate that there was a slight 
reduction in the number of bacteria and that there was no apparent 
effect on the manure as shown by the chemical data. All the exper- 
iments indicate satisfactory larvicidal results, but the best were those 
obtained with the largest quantity of fish-oil soap, namely, 1 pound 
(Table V, series 52, A and B), which killed 93 per cent of the larve. 
This fact suggests that the fish-oil soap is an important constituent 
of this larvicidal mixture. 


OXALIC ACID. 


Four cage experiments were carried out with oxalic acid, using 1 
and 2 pounds to 10 gallons of water. One experiment with 1 pound 
gave negative larvicidal results, while the results from three experi- 
ments using 2 pounds were as foliows: 3 per cent, 60 per cent, and 80 
per cent. In the one sample of manure analyzed the bacterial count 
was reduced, and the ammonia was increased over the control. 


PYRIDINE. 


Pyridine (C;H,N), which is prepared commercially from coal tar, 
and is also obtained from the distillation of bone oil, is alkaline, con- 
tains 17.75 per cent nitrogen, and costs about $1 per pound. This 
liquid was used in three cage experiments in dilutions of 1 to 100 and 
in one cage experiment in a dilution of 1 to 500. The results of the 
cage experiments are shown in Table I (Series 78 and 104). The 
larvicidal efficiency of the 1 to 100 dilutions was 63 per cent for one 
cage and 99 per cent for the other two. The 1 to 500 dilutions showed 
no apparent effect. No consistent action on the bacteria is evident, 
and the water-soluble nitrogen and the ammonia from the treated 
samples are higher than from the controls. 

In open-pile experiments at New Orleans (Table V, Series 41, A 
and B) pyridine 1 to 500 was used twice, giving an apparent larvicidal 
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effect of 99 per cent. Pyridine was used in two open-pile experiments 
in a dilution of 1 to 1,500 (Table IV, Series 48, A and B), and 8 and 
47 per cent of the larve were killed. 

It is impossible satisfactorily to explain the differences in the larvi- 
cidal efficiency of the pyridine in the cage and open-pile experiments 
where the 1 to 500 dilutions were employed. Different samples of 
pyridine were used in these two tests, and as the conditions are very 
different at Arlington and New Orleans the exact larvicidal value of 
the 1 to 500 dilutions is uncertain. As the 1 to 1,500 is the only dilu- 
tion that is practical from a cost point of view and the larvicidal 
effect of this strength was low, this substance is hardly thought to be 
_ worthy of further consideration as a larvicide. The extremely disa- 
greeable odor as well as the toxicity of pyridine makes its use in 
this work objectionable. 


PLANT MATERIAL TESTED. 


In looking for substances of an organic nature it seemed advisable 
to test material from several common plants and weeds, especial 
attention being given to those that are very abundant and therefore 
cheap. 

Dr. Alsberg suggested the use of plants containing saponin, corn 
cockle being named as a waste product containing considerable 
amounts of this compound. Agave, a saponin-containing plant 
erowing abundantly in Texas and Florida, was obtained by Mr. W. D. 
Hunter and was tried in two experiments. Other plant material, 
some of which contains alkaloids, were also included in the investi- 
gation, namely, ‘“blackleaf 40” (an extract of tobacco), larkspur, 
hellebore, ox-eye daisy, pyrethrum, and stramonium. 

Corn cockle—Corn cockle (Agrostemma githago) is present in wheat 
screenings. The screenings used in this work contained about 43 per 
cent of corn cockle, and hemolytic tests! showed the presence of 
considerablesaponin. Thescreenings were ground and then extracted 
with water for 12 hours. Nine cage experiments at Arlington, using 
extracts of the screenings containing from 0.3 of a pound to 5 pounds 
per 10 gallons, were tried, and the highest apparent larvicidal action 
was 49 per cent. ‘These results varied markedly, and in certain cases 
no larvicidal effect was obtained. Many bacteriological and chemical 
analyses showed no change in the number of organisms or the SOTO 
sition of the manure. 

Agave.—The roots of several agave or soapweed plants (Agave 
lecheguilla) were macerated and water extracts prepared. Two and 
one-half pounds of the finely divided roots were extracted for 12 


1 The hemolytic tests were made by Dr. C. S. Smith, of the Bureau of Chemistry. 
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hours in 10 gallons of water. This extract was used in two cage 
experiments and showed a larvicidal action of 82 and 84 per cent. 
The manure was unaffected chemically, and the bacterial count on 
one of these samples was considerably higher than the control counts. 

“ Blackleaf 40.’’—‘ Blackleaf 40,” an extract of tobacco (Nicotiana 
tabacum), containing 40 per cent of nicotine sulphate, is used to a 
considerable extent as an insecticide, and it seemed worth while to 
test its effect on fly larve. It was tried in three cage experiments at 
Arlington, Va., diluted 1 to 50, 1 to 250, and 1 to 500. In none of 
these cases did it show any larvicidal action. 

Larkspur.—Ground seeds of larkspur (Delphinium) were tested, 
using solutions prepared by treating 1 pound of the ground seeds with 
10 gallons of 1 per cent sulphuric acid and allowmg them to extract 
for 12 hours. The extract was applied undiluted, diluted 1 to 5, and 
diluted 1 to 15. The apparent larvicidai effect varied from 57 to 90 
per cent. The bacteria were not affected by the application of the 
undiluted extract, and the only change in the manure noted was a 
decrease of alkalinity due to the acid present in the extract added. 

Stramonium.—A. sulphuric-acid extract of the ground leaves of 
stramonium (Datura stramonium) was prepared by mixing 1 pound 
of the ground dried leaves with 10 gallons of 1 per cent sulphuric 
acid and allowing this to stand for 12 hours. This extract was 
employed undiluted, diluted 1 to 5 and 1 to 15. The larvicidal 
results were not as satisfactory as those obtained above where lark- 
spur extracts were employed. The bacterial count on manure 
treated with the undiluted extract was lowered somewhat, and the 
reaction showed a slight reduction in alkalinity due to the sulphuric 
acid present in the extract applied. 

Hellebore.-—Roots of hellebore (Veratrum album and Veratrum 
viride) were used both in a ground and in a powdered condition. As 
the following results will show, the powdered hellebore proved to be 
the more effective. Both 1 per cent sulphuric acid and water extracts 
of ground hellebore were used in cage experiments at Arlington 
(Table VI, Series 82, 92, 102, and 103), and the results indicate a high 
larvicidal action. 


TasBLe VI.—Destruction of fly larve in horse manure. 
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cage experiments, Arlington, Va., 1914. 
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Results with ground hellebore, 


Water extract. 


Number 
of bac- Iban 
teria per Alkalin- 
Treatment of 8bushels | pyjag pales 1 gram | Manure, | ity, N/20 Nias 
Series. of manure, using 10 asin d icidal | Manure, total HCl per | Water- NH 
gallons of liquid. St cas Mes ; ealcu- | nitrogen. | 100c.c¢. | soluble F ae, 
CEU lated to (5 grams | nitrogen. | 1 othod 
dry of 5 
weight. manure). 
A | Hellebore (ground), 1 Per cent Per cent | Per cent 
pound to 10 gallons 1 of control of total of total 
82 per cent H2SO4, un- | Number. | average. | Millions. | Per cent. Cc. nitrogen. | nitrogen. 
diluted....-. oan 94 423 0. 526 7.15 27.76 2.85 
B | Same as foregoing, di- 
luted one-fifth......- 33 78 576 . 688 10. 25 24, 42 2. 76 
A | Control (water only) - QD aide ohana 506 . 695 11. 25 28. 20 1. 87 
sfB BIE) OS a SN ane: Bee aeea eae 498 . 618 15. 40 27.18 2. 59 
C 1D ee Ae ae AU ISR AE STU a HI Se LL AU a ae SO a elect eae SER 
Control average...-..-- ADSI eh tbe ell eons eee eee |MSacy ae se a ctl [arcdet a rane I erage 0 | ee one ne 
A | Hellebore (ground), i 
pound to 10 gallons 1 
92 per cent H2SOz, un- 
dilutede sees 35 SOP Rees . 456 7. 50 27.19 2. 63 
B | Same as foregoing, di- 
luted one-third...... 18 94.3 236 . 470 6.15 23. 83 3. 40 
A | Control (water only). . ih Seadousos- 29.8 . 863 9. 15 29. 32 1.85 
935 B DOS see eee fs BBY lggoocoesee 12 1, 45 13. 25 43. 72 3.25 
C DOs oss esac CY Ad ee oe ters 159 905 14.15 31.05 2. 87 
Control average...--.-.- UT [erate arco nil ese oc cine [tetera torepere eis, Cosine: soeenecel crsratreves et Seaver haa nim cette 
- A | Hellebore (ground), 4 
102 pound to 10 gallons 1 : 
per cent H»SO4....-- 315 OO ieee - 526 |(acid). 50 25. 67 2.85 
, e Ear 267 PAT ae tiyesanse . 498 |(acid). 50 21. 49 3. 40 
! ellebore (ground), 4 
103 pound to 10 gallons 
SWALCI ne acto cmc ne eer 58 OS ace Somes - 568 3. ie oa a BE eas oe 
B ID Ones Se see esas: 39 QO ur a eee eae . 554 6. : ; 
A | Control (water only). . ANAS OM entree 19.6 572 4,25 25. 00 2.10 
106 
B 1 DOR aS eos Has HO3 0) Pee eaesene Qik . 561 4, 65 26. 02 1.41 
Control average.....-- GOD D Mer ererteretete el inna ec gare sl esa date eye eau fac er Ries aoc casual acetone 


| 


The water extract proved to be just as satisfactory as the acid 


extract. 


Table III, series 108 and 112, shows additional results from 


some cage experiments at New Orleans, in which the effectiveness 
appeared to be very low, but the results are of doubtful value for 


the same reasons pointed out on page 8. 


It is very difficult to 


explain why so little larvicidal effect was found in series 112 in 
view of the uniformly good results in other cages and open piles. 
Results from the application of water extracts of ground hellebore 


applied to open piles are shown in Table IV, series 44 to 48, inclusive. 
When used at the rate of one-fourth of a pound to 10 gallons, it had 
a variable larvicidal action, never above 50 per cent. At the rate of 
three-eighths of a pound to 10 gallons the results were, on the aver- 
age, somewhat higher, but none was above 70 per cent; at the rate 
of one-half pound to 10 gallons series 44, A and B, Table IV, showed 
59 and 62 per cent action; 48, C and D, showed 44 and 62 per cent; 
and Table V, series 43, A and B, showed 99 per cent effectiveness. 
Powdered hellebore was used in several open-pile experiments at 
New Orleans, and the results, as shown in Tables IV and V, indicate 
that the application of one-half pound per 10 gallons was uniformly 
favorable, the percentages varying from 88 to 99, the average of 12 
open-pile experiments being 95.5 per cent. With three-eighths or 


one-fourth pound of powdered hellebore to 10 gallons the larvicidal 
effects were lower but still showed considerable action. Itis evident 


—— 


—— — 
=e 
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that the larvicidal value varies with the amount of powdered helle- 
bore used, but when applied at the rate of one-half pound or more to 
8 bushels of manure it will be efficient. It is not known how helle- 
bore acts as a larvicide. At present no information is available as 
to whether it has any effect on the eggs or pupe of the house fly. 

The effects of the presence of fly maggots in a pile of manure is very 
strikingly shown by comparing figures 2 and 3 of Plate I. The pile 
treated with hellebore has remained normal in shape and appearance 
(Pl. I, fig. 3), while the maggots have worked the untreated pile 
shown (Pl. I, fig. 2), the manure being finely divided and the 
pile scattered by the feeding and migration of the larve. 

The bacterial counts of manure in the cages (Table VI) treated 
with 1 per cent sulphuric-acid extracts of hellebore showed no bac- 
tericidal effects. 

The bacterial counts of the open piles (Table IV) did not show 
any consistent action, either stimulating or bactericidal. During the 
season’s work nitrites and nitrates were detected only in open-pile 
experiments 53, A,B, C, and D, which were treated with hellebore, 
and it is therefore apparent that the hellebore extract is not toxic 
to the nitrifying organisms 1n this environment. 

Three series of temperatures taken daily of control piles and those 
treated with pyrethrum, pyridine, and hellebore further indicated 
that there was no permanent injury to the bacteria present in the 
piles treated with the last substance. In the first series the tem- 
perature was 13° below the control on the second day, but on the third 
day was again the same as the control. Neither of the other series 
showed any depression of temperature at the start, and the piles 
seemed to undergo a normal fermentation, indicating, as do all the 
data, that the treatment with hellebore does not reduce the fertiliz- 
ing value of the manure. | 

The chemical data on both the cage and open-pile experiments 
show that the manure was unaffected by the hellebore treatment. 
When 1 per cent sulphuric-acid extracts were used in the cage experi- 
ments at Arlington, a reduction in alkalinity due to the added acid 
was found. It is, therefore, evident that powdered hellebore can be 
applied, using one-half pound to 10 gallons of water, without injuring 
the fertilizmg value of manure as determined by chemical and 
bacteriological examination. Furthermore, a laboratory test has 
shown that hellebore readily decomposes In manure. <A sample of 
manure treated with hellebore at the rate of one-half pound per 
8 bushels when tested microscopically and colorimetrically gave 
positive results, but after 30 days’ fermentation both were 
negative. 

The alkaloidal content of the commercial green and white hellebore 
is known to vary from about 0.2 per cent to 0.9 per cent of total 
alkaloids! In Table IV, series 53, the hellebore used was of known 


1 Data obtained from Insecticide Laboratory, Bureau of Chemistry, U.S. Department of Agriculture. 
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Fia. 1.—Type of cage used for catching flies from treated manure piles. Fic. 2.—Settled and finely 
divided condition ofan untreated pile, heavily infested with maggots. Fic. 3.—A hellebore-treated 
pile of same source and volume as figure 2. Hellebore, by preventing growth of fly maggots, 
prevented the disintegration of the heap. (Original.) 
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alkaloidal content; the two samples contained 0.25 and 0.41 per cent, 
respectively, and no differences in larvicidal action were evident. 

The powdered hellebore used in the other. experiments at New 
Orleans contained 11.49 per cent of ash, 1.04 per cent of total nitro- 
gen, and about 0.2 per cent of total alkaloids. The ground hellebore 
used contained 29.39 per cent of ash, 1.08 per cent total nitrogen, and 
0.2 per cent total alkaloids. It is therefore likely that commercial 
powdered hellebore of reasonable purity will be effective as a larvicide 
if applied as directed (p. 19). 

General discussion of hellebore.—There are three plants which are 
popularly called hellebore, namely, Veratrum album, Veratrum viride, 
and Helleborus nuger. The term ‘‘hellebore” is correctly applied only 
to Helleborus niger, which grows in Europe and is not at the present 
time a commercial product in this country. The white and the green 
are the two commercial varieties, the white being largely imported, 
and the green the American plant. For insecticidal work these two 


varieties are considered equally valuable. The American hellebore | 


(Veratrum viride), called ‘‘swamp hellebore,”’ ‘‘Indian poke,” and 
‘““itch-weed,”’ is a common plant in wet ground and grows over a con- 
siderable area of the United States. The properties of this plant are 
said to be similar to those of white hellebore. A number of alkaloids 
are claimed to have been separated from these two plants, but there 
is some uncertainty as to their identity and activity. Powdered 
hellebore, both the white and the green, is extensively used as an insec- 
ticide against the currant worm and to kill various insects around the 
roots of plants. Both varieties of hellebore are used in medicine to 
some extent. 
OTHER PLANT MATERIAL. 


Oxeye daisy.—Tests were made with the ground flowers of the 
oxeye daisy (Chrysanthemum leucanthemum), using 1 pound to 10 gal- 
lons of 1 per centsulphuric acid. The material was extracted for 12 
hours, and the extract was used undiluted and diluted 1 to 5. The 
larvicidal results were practically negative in both cases, but as the 
manure used in this experiment was lightly infested with larve and 
the results hardly warrant any definite conclusions. Bacteriological 


and chemical examinations were made of the manure treated with 


the undiluted extract. The bacterial count of the manure was some- 
what lower than the controls, while the only noticeable change in 
chemical composition was a decrease in the alkalinity due to the acid 
in the extract added. The oxeye daisy contains a volatile oil but no 
alkaloid has been found. | 

Pyrethrum.—Pyrethrum (Crysanthemum cinerariaefolium) powder 
was tried and two results from open-pile tests at New Orleans show 
that solutions containing 0.5 pound per 10 gallons of water had no 
larvicidal action (Table V, series 52,C and D). Pyrethrum contains 
a volatile oil, and an alkaloid has been detected by one or two 
investigators. 
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DISCUSSION OF DIAGRAM (FIG. 1). 


From the results of some open-pile experiments at New Orleans the 
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Most of these calculations are based on an average of but 


able substances have been computed and are shown graphically in 


figure 1. 
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two experiments and are therefore to be regarded as only tentative. 
However, the results of the cage experiments are in general agreement 
with the findings as given in the diagram. 

It will be noted that the highest larvicidal effect was obtained with 
borax, using 1 pound to 8 bushels. The least expensive treatment 


was that with 0.62 pound of borax, although the larvicidal action was - 


only 90 per cent. The next cheapest was hellebore, which costs 54 
cents for one-half pound of the powdered roots, and the average of 
12 experiments showed a larvicidal action of 95.5 per cent. The 
hellebore treatment at the foregoing rate costs more than that with 
0.62 of a pound of borax but shows a greater efficiency. 

In comparing the cost we have assumed that borax can be obtained 
at 5 to 6 cents per pound in 100-pound lots and that hellebore can be 
purchased at 11 cents per pound in like amounts. The price of both 
is subject to considerable variation. The results in general indicate 
that the larvicidal action varies with the amounts used, except in the 
case of nitrobenzene, where the value seems to depend on the pro- 
portions of nitrobenzene and soap in the emulsion. 

It will be noted that pyridine and aniline, when used in amounts 
sufficient to kill a high percentage of the larve, are quite expensive, 
and for this reason their use can not be considered practical. 


APPLICATION OF HELLEBORE TO MANURE. 


Powdered hellebore should be mixed with water at the rate of 
one-half pound to 10 gallons and the solution thoroughly stirred 
and allowed to stand for several hours in a barrel or other container. 
In order to obtain the most satisfactory results, the manure should 
be sprinkled with the foregoing solution immediately on removal 
from the barn. The sprinkling may be done with a watering can or 
similar device, using 10 gallons to 8 bushels of manure, taking care 
that all of the hellebore comes in contact with the manure and paying 
particular attention to the outer edges of the pile. In estimating the 
amount of solution to be employed it may be assumed that 2 bushels 
of manure per horse is the daily output of the stable. This is a liberal 
estimate, and in many stables the daily output is much less. 


EFFECT OF HELLEBORE ON PLANTS AND CHICKENS. 


During November, 1914, a series of tests was started at both 
Baton Rouge and New Orleans, La., to determine whether hellebore, 
when applied in considerable amounts, exerts injurious effects on 
plant growth. The plants grown included cabbage, lettuce, oats, 
turnips, radishes, potatoes, wheat, and mustard, half of each plat 
being fertilized with hellebore-treated manure, and the other half 
recelving untreated manure. At the present time no injurious 
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effect is noticeable from the experiments at either New Orleans | 


or Baton Rouge. 


The cooperation of Mr. George L. Tiebout, of the Louisiana Experi- — 
ment Station, Baton Rouge, and of Mr. W. G. Taggart, of the © 
Audubon Park Sugar Station, New Orleans,-in connection with | 


these tests was of great assistance. 


As chickens and other farm animals are known to peck at, or 


consume, certain parts of manure, tests were made by Mr. E. R. 


Barber, placing hellebore-treated manure in coops with chickens — 


and using as controls chickens in a coop with untreated manure. 
Thirty-eight one-hundredths of a pound of powdered hellebore was 
mixed with 4 bushels of manure and placed in one coop with four 
chickens, and every three days another lot of the manure similarly 
treated was placed in this coop. The manure which was used 
contained fly maggots, consequently the chickens were eager to peck 
through it. In addition, the chickens, in both cases, were fed on 
cracked corn and were given fresh water. The appearance of the 
chickens was noted daily, and the test has been conducted for several 
weeks with no apparent ill effect due to hellebore. 


SUMMARY. 


The larvicidal efficiency of both inorganic and organic substances 


was tested and bacteriological and chemical examinations of horse 


manure to which many of these substances were applied are reported. 
The following inorganic substances were tried: 
Arsenical dip. Lime-sulphur. 
Chlorid of lime. Sulphuric acid. 
Epsom salts. 


Of these substances arsenical dip was the only one which when 
used in amounts considered practical destroyed the larve of the 
house fly. Because of its poisonous nature the use of arsenical dip 
as a larvicide is not recommended. 

The following organic substances were tested: 


Aniline.® Formaldehyde. 
Beta-naphthol. Nitrobenzene. 
Cresylic acid. Oxalic acid. 
Para-dichlorobenzene. Pyridine. 


Aniline, pyridine, and nitrobenzene, when used in certain dilu- 
tions, gave satisfactory larvicidal results, but the cost precludes 
their use. 

The larvicidal action of the following plant materials was tested: 

Plant material containing saponin— 


Corn cockle (Agrostemma githago). 
Agave (Agave lecheguilla). 
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Plant material containing alkaloids— 
‘‘Black leaf 40’’—tobacco extract (Nicotiana tabacum). 
Larkspur (Delphinium). 
Stramonium (Datura stramonium). 
Hellebore ( Veratrum album and Veratrum viride). 


Other plant material— 


Oxeye daisy (Chrysanthemum leucanthemum). 
Pyrethrum (Chrysanthemum cinerariaefolium). 


Powdered hellebore proved the most efficient and practical of all 
the substances tested. 


COMPARATIVE ADVANTAGES OF BORAX AND HELLEBORE. 


Borax, which was shown in Bulletin No. 118 to be an effective 
larvicide, is obtainable in all parts of the country, and the cost of 
treating manure at the rate of 0.62 pound of borax per 8 bushels is 
0.42 cent per bushel. | 

. Powdered hellebore, using one-half pound to 10 gallons of water 
and applying this to 8 bushels of manure, is also an effective larvicide 
and exerts no injurious action on the fertilizing value of the manure 
as determined by bacteriological and chemical analyses, and no 
injurious action on plants has been detected in any of the field tests. 
Hellebore is used as an insecticide and is obtainable in most cities and 
agricultural districts. The cost of this treatment is 0.69 cent per 
bushel of manure. 

While borax may be applied to manure at the foregoing rate and 
the treated manure may be added to the soil at the rate of 15 tons to 
the acre without injuring vegetation, nevertheless excessive quantities 
of borax may be applied to manure through carelessness, and injury 
to vegetation may in consequence result. In the light of this year’s 
experiments it seems advisable to recommend borax as a larvicide for 
the treatment of outhouses, refuse piles, and all other places where flies 
may deposit eggs. However, on account of the possible carelessness 
previously mentioned, and because large quantities of manure are 
sometimes used by truck growers, it seems best to guard against pos- 
sible injury to vegetation by recommending powdered hellebore for 
the treatment of manure, since no injury can arise from the use of 
excessive quantities, as it is entirely decomposed in the course of 
the fermentation of the manure. 
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